The broad band optical/UV and X-ray spectra of blazars have been often modeled as synchrotron component arising from a broken power-law distribution of electrons. A broken power-law distribution is expected, since the high energy electrons undergo radiative losses effectively. The change in the energy index should then be ≈ 1 and corresponds to a spectral index difference of 0.5. However, one of the long outstanding problems has been that the observed index change is significantly different. On the other hand, recent high quality observations of blazars suggest that their local spectra may not be a power-law, instead have a slight curvature and often represented by a log parabola model. Using XMM-Newton observations spanning over 12 years for the BL Lac PKS 2155-304, we show that the optical/UV and X-ray spectra can be well represented by a broken log parabola model. Further, we show that such a spectrum can indicate the energy dependence of the electron escape timescale from the main acceleration zone. This novel approach, besides addressing the observed difference in the photon spectral indices, also tries to explain the spectral turn over in far UV/soft X-rays as a result of the radiative losses.
INTRODUCTION
The low energy synchrotron spectral component of blazars is reproduced by a broken power-law function suggesting the underlying electron distribution to be of broken powerlaw in shape (Sambruna et al. 1994) . A power-law electron distribution can be achieved under Fermi acceleration process, where the electrons gain energy while being scattered by magnetic turbulent structures embedded in the jet or by crossing a shock front (Rieger et al. 2007 ). Subsequently, the synchrotron losses modify the accelerated electron distribution into a broken power-law with the indices differing by unity (Kardashev 1962; Heavens & Meisenheimer 1987) . However, the observed difference between the low and high energy synchrotron spectral components of blazars cannot be perceived within the synchrotron cooling interpretation of E-mail: sithajagan@gmail.com a power-law electron distribution (Mankuzhiyil et al. 2012 (Mankuzhiyil et al. , 2010 .
Around the peak of the synchrotron component, the blazar spectra deviate considerably from a power-law with the spectra showing smooth curvature. In many cases, the spectra at the peak are well reproduced by a log-parabola function suggesting the underlying electron distribution to be a log-parabola as well (Massaro et al. 2004) . The log parabola function however, is successful in explaining only a narrow band of the spectrum falling around the peak but fails to explain the spectrum over a broad energy range e.g., optical-X-ray energy bands (Massaro et al. 2004 ). Alternatively, the broadband synchrotron component of blazars is often fitted with a smooth broken power-law function or a power-law with an exponential cut off (Sinha et al. 2017) .
PKS 2155-304 is a BL Lac class of blazars located at a redshift z = 0.116. Its synchrotron component peaks at UV energies (Madejski et al. 2016 ) and the broadband spec-trum reflects a smooth broken power-law function (Chiappetti et al. 1999; Aharonian et al. 2005 ). An extensive study of PKS 2155-304 was carried out by XMM-Newton at optical/UV (180-600 nm) and X-ray (0.15-12 keV) energy bands (Gaur et al. 2017; Bhagwan et al. 2014 ) on different epochs spanning more than a decade. The broadband spectrum obtained through joint analysis of NuSTAR and XMM-Newton observations, supplemented with Fermi observations at gamma-ray energies, could be reproduced satisfactorily by a synchrotron and synchrotron self Compton emission models due to a broken power-law electron distribution (Madejski et al. 2016) . However, narrow band Xray analysis showed significant deviation from a power-law spectra (Gaur et al. 2017) . Massaro et al. (2008) performed a detailed X-ray analysis of the source using BeppoSAX, XMM-Newton and Swift observations from 1996 to 2007. They showed that the X-ray spectrum is well reproduced by a log-parabola function with the peak of the spectral energy distribution indicating a positive correlation with the spectral curvature. Nevertheless, the log-parabola model did not succeed well in explaining the combined optical/UV and the X-ray spectrum by XMM-Newton (Bhagwan et al. 2014) .
In this work, we perform a detailed examination of XMM-Newton observations of PKS 2155-304 at optical/UV and X-ray energies. The optical/UV and X-ray data from 19 November 2000 to 28 April 2012 are analysed and the source spectra are obtained. The composite spectrum is then fitted with a broken log-parabola function. The rationale behind this being, the radiative cooling of a log-parabola electron distribution eventually modify it into a broken log-parabola distribution. We also show that such an electron distribution can be achieved when the electron escape timescale from the main acceleration region is energy dependent. Further, the analytical model developed under this scenario can fit the observed optical/UV and X-ray well and in turn, can hint the particle diffusion processes in AGN jets.
OBSERVATIONS AND DATA REDUCTION
We selected twenty XMM Newton archival data of PKS 2155-304, starting from 19 November 2000 to 28 April 2012, such that they have at least one simultaneous Optical/UV exposures with X-ray. For X-ray data, we used only the European Photon Imaging Camera (EPIC)-pn data and EPIC MOS data were avoided due to their low sensitivity, quantum efficiency and chances of pile up. This data were reduced using XMM-Newton Science Analysis System (SAS Version 14.0) following standard procedures. The calibrated photon event files for the pn camera were produced using the command epchain. For pn data processing, both single and double events (PATTERN ≤ 4) of good quality (FLAG = 0) in the energy range 0.2-10 keV were considered. In the 10-12 keV energy range, a "Good Time Interval (GTI)" event list was produced by studying the light curve and fixing a threshold rate to omit background particle flaring.
The source spectrum was obtained using a circular region of size 40 around the source. The background was estimated using two circular regions of similar size located away from the source on the same source CCD chip. For nine observations, epatplot indicated significant pile up and the source spectrum was extracted using an annular ring of inner radius 10 and an outer radius between 38 and 40 , within the CCD chip.
The Optical Monitor (OM) observations during the selected epochs were reprocessed with SAS pipeline omichain. The optical/UV data contain a significant galactic contamination which can manifest as large systematic error. To investigate this, we fitted the optical/UV data by a simple power-law function with addition of appropriate systematic error on data, required for better fit statistics. Four observations were discarded as they contained less than three optical/UV filter exposures. Similarly, two other observations demand a large systematic error ( 30%) for a better statistics and hence they were also omitted in the present study. On an average, we found adding 3% systematic error to the rest of 14 observations can result in better fit statistics. The details of these observations are given in Table 1 .
BROKEN LOG-PARABOLA MODEL
The optical/UV and the X-ray data of PKS 2155-304 for the selected epochs were fitted with X-ray Spectral Fitting Pacakage (XSpec) using user-defined (local) and the inbuilt models (Arnaud 1996) . The X-ray absorption due to Galactic neutral hydrogen in the direction of PKS 2155-304 was estimated by fixing the hydrogen column density to 1.71 × 10 20 cm −2 (Bhagwan et al. 2014) . The optical/UV data were corrected for galactic reddening using the model UVRED by setting the parameter E B−V = 0.019 (Seaton 1979; Schlafly & Finkbeiner 2011) . Similar to earlier works, the X-ray spectra were found to significantly deviate from a power-law and were better represented by a log parabola, but failed to explain the optical/UV data (Gaur et al. 2017; Bhagwan et al. 2014) .
In order to develop a consistent model capable of fitting both the optical/UV and X-ray data, we considered a scenario where a log parabola electron distribution is losing its energy under a synchrotron emission process (Massaro et al. 2004) . For a small curvature, the radiative losses will steepen the index by ∼ 1 (Appendix A). If the escape of electrons from the main emission region is also considered, then the electron distribution will transform into a broken log parabola distribution with break occuring at an energy where the electron cooling timescale is equal to the escape timescale. The synchrotron spectrum resulting from such an electron distribution will again be a broken log parabola with the index differing by ≈ 0.5 (Sahayanathan et al. 2018) .
To diagnose whether this interpretation is capable of explaining the broadband distribution of PKS 2155-304, we performed a joint fitting of optical/UV and X-ray (0.6-10 keV) data using a broken log parabola function defined by
Here, is the photon energy, b is the break energy 1 , α is the index, ∆ is the difference between the indices and β is the curvature parameter. Motivated by the synchrotron cooling interpretation of a log parabola electron distribution, we fixed ∆ at 0.5 and obtained the best fit parameters. The fit results are given in Table 2 . We also provide fit statistics, assuming a power-law model with a log parabola tail (PLLP) following (Bhagwan et al. 2014) , for comparison. In Fig. 1 (left) we show the spectral fit for the observation ID 0411780501. The best fit X-ray, UV and optical fluxes are also given in Table 1 . The X-ray spectra corresponding to the observation IDs 0158961401, 0411780101 and 0411780201 show significant negative curvature suggesting a plausible contribution of Compton spectral component. Hence, for these observations the model parameters cannot be constrained effectively. Presence of Compton contamination was evident in most of the observations with the high energy data deviating considerably from the best fit model ( fig. 1) . A Spearman rank correlation analysis between the flux and the fitted parameters was performed to investigate their dependence. We found no significant correlation between these quantities. However, a weak negative correlation between the curvature parameter β and the optical/UV flux can be seen with the lowest null hypothesis probability P r s = 0.03 and corresponding rank correlation coefficient r s = −0.62. This correlation is not very significant and hence we speculate that the spectral shape does not have any implication on the observed flux level rather may depend on dynamics which are unrelated to the flux variation. A plausible scenario can be the spectral curvature being dependent on the electron diffusive processes which may not have a direct association with the flux variation.
ELECTRON ESCAPE TIME-SCALE AND SPECTRAL CURVATURE
To interpret the spectral curvature and the broken log parabola representation of the observed optical/UV and Xray spectra of PKS 2155-304, we considered a scenario where the electrons are accelerated at a shock front and escape into the downstream region where they lose their energy through radiative processes. Consistently, we label the region around the shock front as Acceleration Region (AR) and the downstream region as Emission Region (ER). In general, the steady state non-thermal electron distribution n(γ) generated by an acceleration process which is balanced by the escape rate can be expressed as (e.g. Kardashev 1962) d dγ
Here, we assume a mono energetic injection into AR at energy γ 0 , γ being the dimensionless electron energy and, τ a and τ e define the characteristic acceleration and escape timescales, respectively. The radiative loss rate encountered by the electrons in AR is determined by ζ γ 2 . Expressing ζ in terms of maximum Lorentz factor γ max attained by the electron, ζ = (γ max τ a ) −1 , equation (2) Table 2 . Fit results of optical/UV and X-ray spectrum using broken log-parabola model and the synchrotron emission with energy dependent electron escape from the main acceleration region. In column 6 we provide the fit statistics for a power-law + log-parabola model (PLLP) following Bhagwan et al. (2014) for comparison and the fit parameters are similar to the values reported.
This can be rewritten for an energy independent τ a as
where, S(γ) = γ n(γ) is the energy density and ξ = τ a /τ e . If we assume τ e also to be energy independent, then the resulting electron distribution will be a powerlaw n(γ) ∝ γ −p with index p = ξ + 1. On the other hand, if we consider the escape timescale to be energy dependent such that ξ takes a form ξ = ξ 0 γ β , then equation (4) will have a solution
Similarly, the steady state non-thermal electron distribution N(γ) in ER can be expressed as
where, ηγ 2 is the radiative loss rate in ER and t e is the characteristic escape timescale from ER. For energy independent t e , solution to equation (6) will be of the form
where, γ b corresponds to the energy for which the cooling time scale equals to t e . The synchrotron photon flux due to this electron distribution will be (Sahayanathan et al. 2018 )
where, ψ is a parameter relating the observed photon frequency with electron energy and b is the emitted photon energy corresponding to electron energy γ b . For β 1, equation (8) will be equivalent to equation (1) with the parameters related as
The observed optical/UV and X-ray data of PKS 2155-304 for the selected epochs were fitted using the synchrotron spectrum from ER given by (8). Similar to the broken log parabola function, we found that this physical model can also fit observations well and in Table 2 , we provide the fit results. In Fig. 1 (right) we show the spectral fit corresponding to this model for the observation ID 0411780501. This study thereby suggests the observed curvature in the X-ray spectrum of blazars may indicate energy dependence of the escape time scale. This in turn will depend on the electron diffusion in the jet medium and hence can provide information regarding the magnetic field structure of blazar jets.
DISCUSSION
We show that the combined optical/UV and X-ray observations of PKS 2155-304 using XMM-Newton, spanning over a period of 12 years, are better represented by a broken log parabola function with minimal curvature. The index differences are consistent with the spectral turnover introduced by synchrotron loss of a parent log parabola electron distribution. This study, thereby resolves the inadequacy of the broken power-law representation of blazar spectra to explain the index difference under the synchrotron loss phenomena. Further, we show that the curvature of the fitted function can indicate the energy dependence of the electron escape rate from the main acceleration region. The simplistic physical model developed under this scenario can fit the observed optical/UV and X-ray data very well.
The spectral and temporal properties of PKS 2155-304 were also studied by Kapanadze et al. (2014) using Swift observations during 2005-2012. The X-ray spectra showed significant curvature and were reproduced better by a log parabola function. The observed anti-correlation between the spectral index at 1 keV and 0.3-10 keV flux suggested that the spectra hardens at high flux states. The nonavailability of information at low energy prevents the authors from precise estimation of the peak energy. A log parabola X-ray spectral shape of PKS 2155-304 was already identified in XMM-Newton observations during a period overlapping with the one considered here (Gaur et al. 2017 ). However, the main attempt of these works was to highlight the curved X-ray spectra and their behaviour during different flux states. On the other hand, here we perform a joint spectral fitting of optical-X-ray spectra. The inadequacy of a log parabola function to explain the combined optical-Xray spectra was initially shown by Massaro et al. (2004) , for the case of MKN 421. In case of PKS 2155-304, a satisfactory fit of optical-X-ray spectra can be obtained by PLLP model (Bhagwan et al. 2014) . A plausible scenario under which such a spectrum can be obtained is when the electron escape timescale in ER is energy dependent; whereas, the acceleration and escape timescales in AR are energy independent (Sinha et al. 2017) . The resultant particle distribution in AR will then be a power-law. On subsequent injection into ER, it will develop a smooth curvature at high energy, imitating a log parabola. On the other hand, here we show that a broken log parabola can provide a better fit without invoking additional number of parameters. This asserts the energy dependence of the escape timescale in AR rather than the ER.
Through the present work, we demonstrate that the slight curvature observed in addition to the power-law component in the blazar spectra can be tanslated into energy dependence of the escape timescale from the main acceleration region. This identification in turn, can provide clues on the electron diffusion processes in blazar jets. For instance, if the electron diffusion is mainly governed through pitch angle scattering, then this result can be helpful in understanding the magneto hydrodynamic nature of the blazar jets (Summerlin & Baring 2012) . Alternatively, the information about the energy dependence of the escape timescale can indicate the magnetic field alignment in blazar emission zone (Achterberg & Ball 1994 ). This energy dependence can be coupled with cross-field and/or align-field diffusion coefficients and supplemented with the polarization information, this can be used to draw a global picture regarding the magnetic field structure in blazars.
Hence, the synchrotron loss process steepens the injected log parabola distribution by 1 + 2b a−1 .
